Background: Karanja (Pongamia pinnata (L.) Pierre), generally known as "Indian beech," is a plant of high medicinal importance, possessing several beneficial effects such as antimicrobial, wound healing, antipyretic, analgesic, anti-inflammatory, anti-diabetic, gastroprotective, and neuroprotective, which is widely used in the Ayurvedic system of medicine.
INTRODUCTION
Karanja-Pongamia pinnata (L.) Pierre (Family-Leguminaceae) Syn. Pongamia glabra Vent. is a medium-sized glabrous tree with a short bole and spreading crown and found almost throughout India up to an altitude of 1,200 m. 1 It is a deciduous tree that grows to about 15-25 m in height with a large canopy that spreads equally wide. Its seeds, stem bark, root, leaves, flowers, fruits, and oil from the seeds are being used in Ayurveda for the treatment of piles, intestinal worms, infections, leprosy, gonorrhea, fever, malaria, skin diseases, bronchitis, diabetes, and in liver affections. 2 Karanja flowers cure vata and kapha, biliousness, and diabetes. 3 The different extracts of Karanja flowers have been scientifically reported for their pharmacological actions. Oral administration of ethanolic extract of Karanja flowers (300 mg/kg body weight) showed a significant antihyperglycemic and antilipid peroxidative effect and an enhancement in antioxidant activity in alloxaninduced diabetic rats. 4 Due to antioxidant property, ethanolic extract of flowers shows nephroprotective activity when administered at a dose of 300 mg/kg and 600 mg/kg. 5 Aqueous, ethanolic extracts, and fresh juice of flowers is reported to possess antibacterial activity. 6 Acetone and petroleum ether extracts of flowers (1,600 µg) have shown good antibacterial activity against Escherichia coli, Bacillus cereus, Bacillus subtilis, Klebsiella pneumoniae, Enterobacter aerogenes, and Staphylococcus aureus. 7 Methanolic and ethyl acetate extracts of flowers show antimalarial activity with IC 50 values of 32 µg/mL and 58 µg/mL, respectively. 8 Despite the great significance of Karanja flowers, much work has not been reported on pharmacognostical and physicochemical standardization. Hence, an attempt was made for the detailed study of macroscopy, organoleptic characters, powder microscopy, and physicochemical parameters including preliminary phytochemical screening, fluorescence studies, and HPLC analysis of Karanja flowers.
MATERIALS AND METHODS

Collection of Flowers and Identification
The flowers of P. pinnata were collected from Suryapet, Telangana, India. The authentication and identification of the plant was done by Dr V Subhose, AD (Ayu), MD (Dravyaguna) at the Department of Pharmacognosy, Central Ayurveda Research Institute for Drug Development, Kolkata. Fresh flowers were used to study the macroscopical parameters, whereas shade-dried flower powder was used for the microscopical and physicochemical investigations.
Chemicals and Instruments
All the solvents and chemical reagents used for the study were of analytical grade. HPLC grade solvents were used for HPLC analysis. Simple microscope, compound microscope, watch glass, microscopic slide, and other common glassware's were used in this experiment. Photomicrographs were taken with Olympus CX21i LED microscope attached with Magcam DC14 camera. Chloral hydrate, phloroglucinal, iodine, and picric acid were the major chemicals used for powder microscopy. Chemical reagents like Dragendorff's, Millon's, and Benedict's were used for physicochemical studies.
Macroscopy
Macroscopy was done by observing the fresh flowers under a simple microscope and the color, size, texture, etc., were observed. Different macroscopic parameters like shape, odor, and taste were noted. 9
Powder Microscopy
The coarse powder of Karanja flower was studied under the compound microscope. The flower powder was macerated in a chloral hydrate reagent. A little quantity of the sample was taken onto a microscopic slide; 1-2 drops phloroglucinol reagent was added and a cover slip was placed above the sample. Then microscopic slides were sealed with the paraffin wax. The prepared slides were mounted and examined under a microscope. Tracing of characteristic structures and cell components was done. 10
Photomicrographs
Photomicrographs of the different cellular tissues in macerated sample were taken with various magnifications by Magcam DC14 camera attached to the trinocular microscopic unit. For normal observations, 10× magnification was used for the study of cellular structures, and for micro-observations, 40× magnification was employed. 11
Physicochemical Studies
Physicochemical parameters such as loss on drying, total ash, acid insoluble ash, alcohol and water soluble extractives as well as foreign organic matter were determined according to standard methods. Airdried sample was used for the all these quantitative studies. Extractive values with ethanol and water were determined. 12
Phytochemical Screening
Phytochemical screening was performed by using standard procedures. The alcohol soluble extract of flowers was subjected to chemical tests for the detection of different phytoconstituents like alkaloids, glycosides, phenols, flavonoids, etc. and aqueous extract was used for detection carbohydrates, proteins, and saponins. 13
Fluorescence Analysis
The chemical nature of the active constituents can be determined by fluorescence analysis. By using standard methods, fluorescence analysis of flower powder was carried out. 14 The shade-dried powder and after treatment with various chemical reagents like 1 N hydrochloric acid, 5% sodium hydroxide, 50% sulfuric acid, 5% acetic acid, 50% nitric acid, etc., and their fluorescence behaviors were observed in ordinary visible light and also under UV light.
HPLC Analysis
HPLC analysis was carried out on the Waters HPLC Autosampler model 717 plus operated with the Empower2 software. The separation was achieved by reversed-phase Phoenomenex C18 column. The mobile phase was being methanol and water (70:30). Karanja flower powder was soaked in methanol for 24 hours. The soaked sample was filtrated with a Whatman filter paper (pore size 0.45 µm). The filtrated sample was taken for the dilution preparations with the mobile phase. The standard concentration sample, i.e., 10 ppm, was injected. 15, 16 
RESULTS AND DISCUSSION
Macroscopy
Flowers pedicellate, bisexual, zygomorphic, 13-16 mm long, purple white when fresh and becomes light brown after drying. Calyx cup-shaped, truncate, gamosepalous, 5-toothed, aestivation valvate; corolla papilionaceous and glabrous, petals 5, polypetalous, aestivation vexillary; stamens 10; monadelphous, the vexillary stamen free below and above; anthers uniform; ovary subsessile, inferior, 1-celled, ovules 2; style in curved, beardless; stigma capitates. Fresh flowers have characteristic odor and bitter taste. Figure 1 shows morphology of flowers.
Powder Microscopy
Flower powder is yellowish brown, with characteristic odor and bitter taste. It shows diagnostic microscopic characters like different sizes of unicellular trichomes, triangleshaped pollen grains, reticulate vessel, parenchyma cells, epidermal cells with trichomes, and petal veins. Figure 2 represents powder microscopy of Karanja flowers.
Physicochemical Studies
The results of physicochemical parameters are shown in Table 1 . Total ash and acid-insoluble ash values were found to be 6.15% and 0.3%, respectively. The extractive values for ethanol and water were found to be 6.37% and 25.5%, respectively. The loss on drying (at 105°C) was found to be 9.7%.
Phytochemical Screening
The results of phytochemical screening are shown in Table 2 . Preliminary phytochemical screening revealed that ethanolic extract is a rich source of phenols, flavonoids, alkaloids, glycosides, and steroids. Aqueous extract reported carbohydrates, proteins, and saponins.
Fluorescence Analysis
Karanja flower powder in various reagents was treated with UV radiation of long (365 nm) and short wavelengths (254 nm) and ordinary visible light. They emitted various color radiations at short wavelength but failed to emit radiations at long wavelength. The color change for the flower powder and individual extracts were distinctive and reproducible revealing the solvent properties to the phytoconstituents and data are presented in Table 3 .
HPLC Analysis
HPLC chromatogram of Karanja flower methanolic extract showed six fractions of components visualized in the form of peaks (Fig. 3 ). Six components appeared at different retention times between 0 and 8 minutes. The component number (6) has the highest sharp peak with 25.38% in height and 7.5 minutes of retention time.
The results are summarized in Table 4 . This HPLC chromatogram acts as a finger printing of herbal medicines and is utilized for the authenticity and quality control of herbal medicines.
CONCLUSION
The present investigation established the qualitative and quantitative diagnostic features for flowers of Karanja through anatomical, powder microscopical, physico chemical, phytochemical, fluorescence, and HPLC analysis. Phytochemical analysis revealed that alcoholic extract is rich sources of alkaloids, phenols, and flavonoids. HPLC chromatogram of methanolic extract confirmed the presence various chemical components and established the finger print profile for identification Karanja flower. These results will help in minimizing adulteration, authentication of original crude drug, and in carrying out further research on Karanja flowers.
